'  AD-A149  465  SOME  INVESTIGATIONS  OF  MOLECULAR  BEAM  EPITAXIAL  GROWTH  i/i 
OF  III-V  SEMICQNDU.  (U)  UNIVERSITV  OF  SOUTHERN 
CALIFORNIA  LOS  ANGELES  DEPT  OF  MATERIA.  .  A  MADBUKAR 
UNCLASSIFIED  15  FEB  84  AFOSR-TR-84-1234  F49620-83-C-0074  F/G  20/2  ML 


A 149  465 


it  RE*C«t  SECw'RiTV  C  L  ASS  t  f  i  C  AT  l  ON 


SEC^RiTV  CLASSIFICATION  AUTHORITY 


REPORT  DOCUMENTATION  PAGE 


ib  restrictive  markings 


2b  DECLASSiPtCATiON  DOWNGRADING  SCHE  DULE 

4  PERFORMING  ORGANIZATION  REPORT  NUMBERlS) 

64  NAME  OF  PERFORMING  ORGANIZATION 

SB.  OFFICE  SYMBOL 

University  of  So  California 

(If  applicable  > 

6c  ADDRESS  (City .  State  and  ZJP  Code/ 

Dept  of  Materials  Science 

Los  Angeles  CA  90080-0241 

g4  NAME  OF  F  UNDiNG-'SPONSORING 

8B.  OFFICE  SYMBOL 

ORGANIZATION 

Ilf  applicable  i 

AF0SR 

NE 

3  D:STR1BUTlON/AVAlLABlLlTV^Ij^fcie>«TT  • 

distrxt^*w“ 


5.  MONITORING  ORGANIZATION  REPORT  NUMBER(S) 

afosr-tk*  r. f .?  ■ 


AFOSR/NE 


DTI 


Be  ADDRESS  *C\/>  Slate  and  ZIP  C ode > 

Bldg  410 

Bolling  AFB  DC  20332-6448 


10  SOURCE  OF  FUNDING  NOS 


PROGRAM  PROjEC 

E  LEMENT  NO  NO 

61102F  2306 


mmQ  MONTE-CARLO  COMPUTER  SIMULATIONS,  CARRIER  TUNNELLING  ANI 

12.  PERSONAL  AUThORiS) 


PROJECT 

TASK 

NO 

NO 

2306 

B1 

’  III-V  SEM 

K  PF-P-TRDQm. 

[CONDUCTOR  F 

WORK  UNIT 
NO 


>f_3dbnkar _ 

13*  TYPE  OP  REPORT 


16  SUPPLEMENTARY  NQTATiQN 


13b  TIME  COVERED  DATE  OF  RE  PO  RT  ,  v7  Mo  .  Day  7  1  T  5  PAGE  COUNT 

prom  15_APH_83o31  JAN,_8 4  Feb  15  1984  4 


CCS AT i  CODES 


FiElD  GROUP 


18  SUBJECT  TERMS  ( Continue  on  reverse  if  necessary  and  identify  b>  block  numberi 


19.  ABSTRACT  'Continue  on  reverse  if  necessary  and  identify  by  block  number ) 

Experimental  work  this  past  year  was  primarily  directed  toward  enhancing  the  growth  and 
characterization  capabilities  of  the  Pi's  laboratory.  Significant  improvements  were 
completed  on  the  MBE  system  and  the  in-situ  ellipsometry  apparatus  was  demonstrated 
in  a  bread  board  setup.  Theoretical  work  consisted  of  preliminary  Monte-Carlo  investi¬ 
gation  of  the  MBE  growth  1II-V  compounds.  Extensive  progress  was  made  on  modeling 
the  phase  separation  occurring  during  growth  of  A1 (x)Ga(l-x) As  on  (110)  GaAs.  A 
mismatch  induced,  strain  dependent  exchange  reaction  between  Al  and  Ga  was  shown  to 
give  long  period  variations  in  the  Al  concentration.  The  specific  predictions  of  the 
theory  will  be  tested  in  a  collaborative  effort  with  JPL. 


i  u_l  our 


85  01  14  no 


20  OlST  R;  BUT  ION/A  V  A  I  L  ABl  LIT  Y  OF  ABSTRACT 
UNCLASSiFiEO/UNLIMlTEO^f  SAME  AS  RPT  OT  1C  USE  RS  O 


DO  FORM  1473,  83  APR 


EDITION  OF  1  JAN  73  IS  OBSOLETE 


_ _ j 

SECLWrTY  CLASSIFICATION  OF  THIS  PAO| 


Status  Report 


Some  Investigations  of  Molecular  Beam  Epitaxial  Growth 
of  III— V  Semiconductor  Films  via  Monte-Carlo  Computer  Simulations, 
Carrier  Tunnelling  and  Spectroscopic  Ellipsometry 

AFOSR  Contract  #F49620-83-C-0074 

Period  Covered:  April  IS,  1983  January  31,  1984 

Submitted  to 

Dr.  K.  Malloy 
AFOSR 

Soiling  AFB,  Washington,  DC 
Submitted  by 


A.  Madhukar 

Dept,  of  Materials  Science 
University  of  Southern  California 
Los  Angeles,  CA  90089-0241 


r  6,'c  v  • 


Accession  For 

\<TT '  GRAAI 
->•  TAB 
•  -  T/mnced 
•.  ...  i  neat  Ion 


I 


Date:  Feb  15.  1984 


Distribution/  _ 

Availability  Codes 
[Avail  and/or 
01 st  Special 


Appr.,v 

'll :  < 


Introduction 

L“* '  1  •  '  :  '  ■■  ..  i  v  i  j  l  on 

The  research  sponsored  under  AFOSR  contract  #F49620-83-C-0074  began  on  April  15. 
1983  The  anticipated  plan  of  the  work  during  the  first  budget  year  involveo  primarily 

(a)  Spectroscopic  Ellipsometry  studies  of  MBE  grown 
GaAs/AlKGa|.xAs(IOO)  and  GaAs/lnxGa|_)(As(IOO) 
structures  in  the  visible  to  UV  range. 

(b)  Extending  the  ellipsometry  wave  length  region  from  800QA 
to  2  2  pm  (i  e.  covering  the  visible  to  near  IR  range). 

(c)  Carrying  out  C-V  and  tunnelling  measurements  on  the 
GaAs/AI  Ga,  As/GaAs  structures  at  the  JPL  Electrical 

X  l-x 

Measurements  Laboratory  while  establishing  the  same  capabilities  at  USC. 

(d)  Studying  the  phenomena  of  surface  orientation  induced 
"miscibility  gap"  in  the  MBE  growth  of  AI^Ga^As  alloys  on 
GaAs(ilO) 

(e)  Carrying  out  Monte-Carlo  computer  simulations  of 
GaAs/AI^Ga^As^OO)  and  (110)  MBE  growth. 

The  GaAs 'AI^Ga.^As  MBE  samples,  appropriate  for  the  experimental  investigations  noted 
under  (a),  (c)  and  (d)  were  to  be  grown  under  the  sjpervision  of  Prof.  M  Gershenzon.  The 
GaAs/lnxGa|_j(As(i00)  systems  were  to  be  grown  at  the  JPL  MBE  facility  as  a  collaboration 
between  the  principal  investigator  (A.  Madhukar)  and  Dr.  F.  J.  Grunthaner  of  JPL 

Progress 

(I)  MBE  Growth  of  GaAs/AI  Ga,  As 

From  the  time  of  the  inception  of  this  work,  it  became  clear  at  a  relatively  early  stage 
that  the  USC  MBE  facility  required  major  effort  and  investment  to  be  able  to  grow  reliable 
samples.  In  an  effort  to  achieve  this  aim,  the  principal  investigator  (A.  Madhukar)  was 
forced  to  take  responsibility  of  the  MBE  growth  as  well  -  a  situation  not  originally 
anticipated  Accordingly,  from  July,  1983  until  December  1983,  major  effort  was  spent 
making  the  USC  MBE  machine  operational  and  putting  in  place  basic  support  facilities 
(such  as  substrate  cleaning  and  preparation).  The  situation  with  regard  to  the  MBE 
machine  thus,  unfortunately,  deprived  us  of  appropriate  GaAs/AI^Ga^As  samples  to  be 
able  to  proceed  with  the  experiments  noted  under  (a),  (c)  and  (d).  We  did,  however,  grow 


I 


3 


D 


a 


a  few  GaAs/AI^Ga^As  'GaAs  tunnelling  structures  around  April/May  1983.  had  them 
fabricated  into  actual  tunnel  structures  and  carried  out  Fowler-Nordheim  resonance 
tunnelling  experiments  at  JPL  The  results  indicated  that  the  interfacial  quality  of  these 
structures  were  rather  poor.  Indeed,  these  findings  were  at  the  base  of  the  principal 
investigator  taking  on  the  additional  responsibility  of  implementing  the  MBE  growth 
program  as  well. 


The  following  major  items  have  to-date  been  accomplished  on  the  MBE  machine: 

1.  Detecting  and  fixing  leaks. 

2.  Fixing  cryopump,  quadrupole  mass  analyzer,  RHEED  gun  and  screen. 

3.  Redesigning  source-oven  thermocouple  arrangement  to  achieve  stable 
temperature  control  and  the  attendant  control  on  flux. 

4.  Redesign  the  pumping  system  and  configuration  on  the  growth  chamber. 
Implementation  of  the  design  to  be  effected  over  the  next  few  months. 

We  have,  during  the  past  month,  grown  GaAs  samples  with  a  view  towards  calibration 
of  fluxes,  substrate  temperature  (via  usage  of  eutectic  alloys  and  IR  pyrometer)  and  to 
obtain  an  idea  of  the  unintentional  background  doping  type  and  level  Hall  measurements 
indicate  the  samples  to  be  p-type  GaAs  with  doping  levels  between  I  -  5  x  IOl5/cm3. 

We  are  now  preparing  to  begin  growth  of  A^Ga^As  single  interface  structures  on  both 
GaAs^OO)  and  GaAs(UO)  surfaces  so  as  to  begin  the  experimental  studies  noted  under  (a), 
(c)  and  (d) 

(2)  Spectroscopic  Ellipsometry 

(a)  Preliminary  investigations  of  GaAs/lnxGat_xAs  single  alloy  layers,  grown  on  the  JPL 
MBE  system,  have  been  carried  out.  some  results  have  also  been  obtained  on  GaAs/lnAs 
strained  layer  superlattices  with  individual  layer  thicknesses  corresponding  to  4  and  8 
atomic  layers  each.  Systematic  investigations  of  the  comparison  of  the  alloy  and 
superlattice  optical  behaviour  are  in  progress. 

(b)  The  ellipsometry  instrumentation  was  extended  into  the  near  IR  regime  and  testing 
of  the  system  begun. 
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(3)  Surface  Orientation  Induced  Miscibility  Gap:  The  GaAs/AIKGal_)(As(IIO)  System 

In  the  absence  of  reliable  MBE  samples  we  spent  time  fruitfully  developing  a  theoretical 
model  which  postulates  a  possible  mechanism  for  the  reported  quasi-periodic  fluctuations 
in  the  A!  concentration  along  the  growth  direction.  The  basic  physical  idea  is  that  a 
lattice-mismatch  induced  strain  dependent  exchange  reaction  between  Al  and  Ga,  coupled 
with  the  strain-memory  effect,  can  give  rise  to  long  range  periodic  variations  in  the  Al 
concentration.  This  is  a  totally  kinetic  and  new  mechanism  which  does  not  involve  bulk 
diffusion  -  the  process  responsible  for  the  spinodal  decomposition  mechanism  of  phase- 
separation.  Our  theory  makes  specific  predictions  for  the  behaviour  of  the  alloy  as  a 
function  of  concentration,  etc.  which  can  be  tested  by  the  planned  experiments. 

(4)  Electrical  Measurements 

Setting  up  C-V  and  tunnelling  measurements  capability  at  USC  is  underway  and 
expected  to  be  finished  in  the  next  few  months.  The  Hall  mobility  measurements  facility 
has  been  in  operation  and  several  measurements  as  a  function  of  temperature  down  to 
4  2K  have  been  made. 
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